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ABSTRACT: 
Issues related to productivity and its poor development of the construction industry are widely 
recognised. Lean production and lean construction developed from it have been proposed as a 
solution to the lagging productivity. Takt production is a location-based production controlling 
method developed from the principles of lean construction.        
 
This thesis seeks to identify the focal factors that affect to the lead-time of interior phase pro-
duction in residential construction. These identified factors are aimed to address by means of 
procurement process and takt production to reduce lead-times in the future projects. Previous 
studies on takt production have reported promising results in reducing lead-times and improve-
ments in productivity from the utilization of takt production. 
 
This study is executed as an exploratory case study which consists of multiple case projects of 
the Case Company. Data was collected from semi-structured interviews. Interviewees were both 
representatives of the Case Company and subcontractors. Literature review of the thesis is 
based on university course books, peer-reviewed scientific articles, and conference papers. Data 
from the interviews and literature was analysed for the conclusions of the study. 
 
Findings of the thesis indicates that takt production and procurement process can support short-
ening the lead-time of the interior phase production. However, there were identified factors 
that affects to the interior phase production that are required to be tackled for successful takt 
production. Support of procurement process to successful takt production arises from supplier 
selection, contracting, and supplier management.  
 
In this thesis, focal factors that are affecting to the lead-time of the interior phase production 
was identified. Based on interviews, previous studies, and the literature review solutions were 
presented. The findings of this thesis can be utilized in the future projects and thus implement 
takt production successfully with support of the procurement process to shorten lead-time of 
interior phase production.  
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TIIVISTELMÄ: 
Rakennusalan heikko tuottavuus ja sen kehitys ovat laajalti tunnistettu ongelma. Lean-tuotan-
nolla ja siitä kehitetyllä lean-rakentamisella on pyritty vastaamaan tuottavuusongelmiin. Tahti-
tuotanto on paikkakohtainen tuotannonohjausmalli, joka pohjautuu lean-rakentamisen periaat-
teisiin.  
 
Tämä pro gradu -tutkielma pyrkii tunnistamaan keskeiset tekijät, jotka vaikuttavat asuntoraken-
tamisen sisävaiheen läpimenoaikaan. Tunnistettuihin tekijöihin pyritään vastaamaan hankinta-
prosessin ja tahtituotannon avulla läpimenoaikojen lyhentämiseksi tulevilla projekteilla. Aiem-
mat tutkimukset tahtituotannon hyödyntämisestä ovat osoittaneet lupaavia tuloksia lyhentä-
mällä läpimenoaikoja ja samalla parantaen tuottavuutta. 
 
Tutkimus on toteutettu tapaustutkimuksena, jossa tutkittiin useaa Tapausyrityksen projektia. 
Tutkimuksen tiedot kerättiin puolistrukturoiduilla haastatteluilla. Haastateltavat olivat Tapaus-
yrityksen ja aliurakoitsijoiden edustajia. Tutkimuksen kirjallisuuskatsaus pohjautuu Vaasan yli-
opiston kurssikirjoihin, vertaisarvioituihin tieteellisiin artikkeleihin ja konferenssipapereihin. 
Tutkimuksen johtopäätökset on tehty analysoimalla haastatteluista ja kirjallisuuskatsauksesta 
saatuja tietoja.  
 
Tutkimushavainnot tukevat väitettä, että tahtituotannon ja hankintaprosessin avulla sisävai-
heen läpimenoaikaa voidaan lyhentää. Tutkimuksessa kuitenkin havaittiin myös sisävaiheen tuo-
tantoon vaikuttavia tekijöitä, joiden ratkaiseminen on edellytys onnistuneelle tahtituotannolle. 
Hankintaprosessin tuki onnistuneelle tahtituotannolle kumpuaa toimittajavalinnasta, sopimuk-
sien tekemisestä ja toimittajahallinnasta.  
 
Tässä tutkimuksessa tunnistettiin keskeiset sisävaiheen läpimenoaikaan vaikuttavat tekijät. Rat-
kaisut löydöksiin esitettiin haastattelujen, aiempien tutkimusten ja kirjallisuuskatsauksen poh-
jalta. Löydöksiä voidaan hyödyntää tulevilla projekteilla ja siten toteuttaa tahtituotanto onnis-
tuneesti käyttämällä apuna hankintaprosessia sisävaiheen läpimenoajan lyhentämiseksi. 
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1.1 Research background 
Issues related to productivity and its poor development of the construction industry are 
widely recognised (Fulford & Standing, 2014; Bajjou et al., 2017; Ahonen et al., 2020). In 
Finland development of productivity in the construction industry almost non-existent 
and is lagging compared to other industries (Ahonen et al., 2020). 
 
Lean construction has been suggested as a solution to overcome productivity issues (Aziz 
& Hafez, 2013) and takt production which is developed from the lean construction 
(Lehtovaara et al., 2019). Takt production is a location-based production controlling 
method developed from the principles of lean construction. Takt production aims to 
equalize production rates between different tasks (Keskiniva et al., 2020) and thus en-
sure stable flow of production (Lehtovaara et al., 2021). By implementing takt production, 
lead-times of construction have been reported to reduce significantly (Frandson et al., 
2013; Binninger et al., 2018). Lehtovaara et al. (2019) identified procurement and its 
possible impact to takt production by influencing to subcontractors and suppliers. This 
aspect is the central focus of this thesis. 
 
Importance of procurement is extremely vital in the construction industry performance 
due to high percentage of outsourced work (Zeng et al., 2018). Hence, main contractor’s 
dependency to subcontractors and suppliers is high (Bemelmans et al., 2012). Work at 
construction site is performed for the most part by subcontractors and it can cover up to 
90 per cent of all work of the project (Karim et al., 2006), 60 to 70 per cent of project 
costs are material costs (Yunna & Ping, 2012), and up to 90 per cent of project’s revenue 
is related to purchasing of goods and services (Bemelmans et al., 2012). 
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1.2 Case Company 
The Case Company is one of the world’s leading construction and project development 
company founded in late 1800s. Geographic markets of the Case Company focuses to 
the Nordic region, Europe, and United States of America. Services of the Case Company 
consists of civil engineering, residential construction, and commercial project develop-
ment. 
 
In Finland, the Case Company is one of the largest companies within the construction 
industry. Focus of the construction services is on residential construction, commercial 
project development, civil engineering, rental of construction equipment, and building 
services engineering. 
 
1.3 Research objective 
The objective of this thesis is to study the current state of interior phase production in 
residential construction. The thesis seeks to identify the focal factors that affect to the 
lead-time of interior phase production. These identified factors are aimed to address by 
means of procurement process and takt production to reduce lead-times in the future 
projects.  
 
This thesis has two research questions based on which steer this study to develop solu-
tions to thesis objectives: 
 
1. What are the focal factors affecting to the lead-time of the interior phase pro-
duction? 
 
2. How procurement process and takt production can support shortening lead-




1.4 Scope of the thesis 
This thesis focuses on residential construction in Southern Finland. More precisely the 
scope of the this is limited to interior phase production. In this thesis interior phase pro-
duction covers all the required activities occurring inside the frame of the building to 
complete the project. However, focus is on certain categories of work: wall levelling and 
painting, floors, cabinetry, HVAC, and electrical work. Interior phase is by its nature re-
petitive and therefore considered to be suitable for takt production (Binninger et al., 
2018; Lehtovaara et al., 2019). Also, interior phase production is comparable between 
different projects. 
 
Data will be collected from project data and documents together with interviews.  The 
data is used to find out the focal factors affecting to the duration of lead-time in the 
interior phase production, what causes the disturbance in the interior phase production 
and how procurement can address these findings to reduce lead-times. 
 
1.5 Thesis structure 
The structure of the thesis consists of literature review, case study, results and discussion, 
and conclusions. The literature review focuses on production control and scheduling 
from the perspective of lean construction and takt production followed by a section cov-
ering procurement and procurement process. The literature review is primarily based on 
peer-reviewed scientific articles from different journals, conference papers, and univer-
sity course books. 
 
Literature review is followed by empirical part. The empirical part of the thesis is case 
study based on the literature review, research questions, and previous studies. Inter-
views for the case study was executed in two parts with separate interview structures 
and contents. First part consists of current state analysis of interior phase production in 
different projects in which interviewees were Case Company’s employees. Second part 
of interviews were executed with Case Company’s suppliers that covered current 
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production and takt production from their perspective. Finally, results of the case study 




2 Production control and scheduling 
 
2.1 Lean production 
Lean production (LP) can be defined as production that spend less resources in every 
stage of the production to create more efficient and streamlined process (Womack et al., 
1990, pp. 13). Implementing LP results as better quality and continually improving pro-
duction. Pacheco et al. (2019) describes LP as an alternative integrated production model 
that combines tools, methods and strategies in product development, and supply and 
operation management into a one whole. 
 
History of LP springs from Japan after World War II by Toyota (Womack & Jones, 1996, 
pp. 9). Toyota’s unique way of manufacturing, The Toyota Production System (TPS) was 
the basis for the LP (Liker, 2004, pp. 7). TPS was Toyota’s variation of mass production 
technique to meet the characteristics of the Japanese car market (Holweg, 2007). West-
ern model of mass production was not suitable as such to the smaller Japanese car mar-
ket since customers demanded different car models, lack of financial resources and ab-
sence of Western manufacturers (Rymaszewska, 2016). The concept of LP was popular-
ized by Womack, Jones, and Roos in their book The Machine That Changed the World 
(1990, pp. 49). 
 
LP aims to eliminate all waste from production by means of work practices that are 
aimed to meet the customer demand and maximize the throughput of the bottleneck 
resources (Pacheco et al., 2019). Waste in LP is any operation that adds no value to the 
final product i.e. customer (Jasti & Kodali, 2015). Different types of waste in production 
are presented in Table 1. However, it is argued that it is impossible achieve zero waste in 
production and thus striving for waste-free production operations is a never-ending pro-




Table 1. Different types of waste in production (adapted from Liker, 2004, pp. 28-29). 
 
ID Waste Description 
1 Overproduction Items are produced without existing demand that 
causes overstaffing, inventory, and transportation 
costs. 
2 Waiting Time spent on waiting the next process to start. 
3 Transportation Time and resources are wasted, and costs increased 




Process includes steps that are not adding any value 
e.g., poor designing or planning and tools.  
5 Inventory Excess inventory, work in progress or finished prod-
ucts which cause longer lead-times, damaged prod-
ucts, and transportation. In addition, it refers to un-
balanced production. 
6 Motion Wasted movement that is performed by people 
when performing work e.g., looking for tools and 
equipment. 
7 Defects Any product failure: repair or rework, replacement 
production or scrap. 
8 Skill misuse Lack of utilization of employees’ skills, knowledge, 
and abilities.  
 
2.1.1 Lean in context of construction industry 
Lean construction (LC) is proposed as a solution to improve lagging productivity in con-
struction (Aziz & Hafez, 2013). Implementation of LC has shown promising results as in-
creasing productivity and quality in construction industry (Sarhan et al., 2017). LP in the 
context of construction and developing of LC is not a new concept and first academic 
publications appeared in the beginning of 1990s (Alves et al., 2012; Biton & Howell, 
2013). The definition of LC varies in the literature (Li et al., 2020). Established description 
for LC defines the concept as a set of LP methods and tools applied to construction 
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industry, or as a theory to form a new production model to construction industry based 
on the concept of LP. 
 
Non-value adding activities i.e. waste within construction production can be specified 
under material-related waste and time-related waste (Sarhan et al., 2017). Material-re-
lated waste consists of overproduction, surplus of purchased quantities of materials, in-
appropriate processing, defects, and issues related to inventory. Time-related waste is 
related to e.g., waiting, miscommunication, rework, and production interruptions. Ba-
jjou et al. (2017) stated that 25 to 50 per cent of construction costs are linked to waste 
in production, and 57 per cent of production is equal to waste. According to Bajjou and 
Chafi (2020) the five most common critical waste factors in construction are delay in start 
of activity, rework, skill misuse, long approval process, and unfinished work that affects 
to flow of the production. Sarhan et al. (2017) highlighted waiting as the primary source 
of waste in construction projects. 
 
 
Figure 1.  Comparison of production/waste ratios between the manufacturing sector 
and the construction sector (Bajjou et al., 2017). 
  
LP principles has been implemented in the construction industry since 1990s (Shang & 
Sui Pheng, 2014). However, LC is still in transition phase within the construction industry 
(Sarhan et al., 2017). Transition to LC is slow due to lack of understanding of the concept 
of lean and how to implement the principles of LP to construction. Shang and Sui Pheng 
(2014) argued that the major barrier to the LP implementation is a lack of long-term 
philosophy and missing a culture required to lean adaptation from the top management. 
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2.2 Takt production 
Effective production planning and control has a significant role in successful construction 
production (Lehtovaara et al., 2021). As the concept of LC has matured over time, new 
location-based production control methods are created to overcome the shortcoming of 
traditional production planning methods. One of the new methods that has received 
attention is takt production (Lehtovaara et al., 2019). Takt production origins from the 
lean concept of takt. 
 
2.2.1 Definition of takt and takt time 
Word takt is a German word for a fixed time-interval (Hopp & Spearman, 2011, pp. 161) 
e.g., rhythm or meter (Liker, 2004, pp. 94) that is precise, as the time-interval in a met-
ronome. In lean production systems, word takt is used to define rate of a customer de-
mand. Takt time is available time for production divided by the demand within that time 
(Bozarth & Handfield, 2008, pp. 194). Within properly defined takt time, production flow 
is smooth, and each output runs through the production system without distraction 
(Hopp & Spearman, 2011, pp. 467). 
 
 Takt time =
available time for production
customer demand
                                                                   (1) 
 
Takt time thus describes the maximum amount of time that can be used for ready prod-
ucts to meet the demand.  
 
2.2.2 Takt in context of manufacturing 
In lean manufacturing systems, takt time is utilized in line balancing (Bozarth & Handfield, 
2008, pp. 194-195). Line balancing seeks to minimize idle time between different work-
stations. Line is perfectly balanced if each workstation is assigned to equal amount of 
work but in most cases, there are always variation between the workstations thus pro-
duction lines are imbalanced. If the production line produces faster than the takt time, 
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the production line generates overproduction and if time consumed in production line 
is greater than the takt time, it is a bottleneck of the production (Liker, 2004, pp. 94). 
 
Takt time defined for production line is required to be reactive in order to meet the de-
mand (Womack & Daniel, 1996, pp. 56). Takt time is fixed for the time of certain period, 
but if there is a change in demand, the takt time is adjusted with the demand. Every step 
of production and time requirements of the tasks is required to be identified to balance 
production line (Bozarth & Handfield, 2008, pp. 194-195). Based on demand and time 
required for production, takt time is defined to set the pace of production.  Production 
line is the most efficient and optimized when it operates with minimum number of work-
stations. If bottleneck or waiting occurs within the production line, workstations are in-
creased or decreased to match the production with the takt time. 
 
2.2.3 Takt production in construction 
Pacing of the production based on different activities is not a new concept in construc-
tion (Frandson & Tommelein, 2014). Construction of Empire State Building in 1930s was 
paced by four activities which were defined as “pacemakers” of the production. Takt 
time in construction appeared first time in the 1970s in Germany (Binninger et al. 2017), 
but more detailed approach to takt production appeared not until 2010s (Lehtovaara et 
al., 2021). In construction, takt is used as a frame for production (Tommelein, 2017). This 
framework is then utilized to schedule and control work of the project. 
 
Takt production in construction aims to equalize production rates of different tasks and 
thus secure a continuous workflow (Keskiniva et al., 2020). Concept of equalizing the 
production rate by utilizing the takt time is the same as in manufacturing industry. How-
ever, there are a difference within the process. In the stationary industry, the product 
(object) runs through between workstations with labour (subject) while in the construc-
tion industry the process is the opposite in which the labour (subject) runs through the 
construction project (object) (Dlouhy et al., 2016). 
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Implementation of takt production has shown great potential to reduce lead times of 
construction projects (Lehtovaara et al., 2019). Binninger et al. (2018) have reported up 
to 70 per cent reduction in durations. Takt production is also stated to improve produc-
tivity, elimination of waste (Frandson et al., 2013), and transparency and communication 
between different parties within the construction project (Dlouhy et al., 2016). 
 
Concept of the takt has been implemented into various construction projects (Frandson 
et al., 2013). There are documented cases of implementation of takt production e.g., in 
residential construction (Lehtovaara et al., 2019), civil projects (Fiallo & Howell, 2012), 
residential renovation projects (Keskiniva et al., 2020), and in business construction 
(Dlouhy et al., 2016). Examples of existing documented implementation of takt produc-
tion in construction projects are listed in Table 2.  
 
Table 2. Documented implementation of takt production in construction projects. 
Authors, year Publication 
Frandson et al. 2013 Takt time planning for construction of exterior cladding 
Dlouhy et al. 2016 Three-level method of takt planning and takt control - a 
new approach for designing production systems in con-
struction 
Keskiniva et al. 2020 Takt planning in apartment building renovation projects 
Fiallo & Howell, 2012 Using production system design and takt time to improve 
project performance 
Binninger et al. 2018 Short takt time in construction - a practical study 




2.2.4 Takt production models 
There are two published and established models for the takt production implementation 
(Lehtovaara et al., 2019; Keskiniva et al., 2020). Documented results for both models 
have shown promising results (Frandson et al., 2013; Binninger et al., 2018). First model 
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for takt production, Takt Time Planning (TTP) was introduced by Frandson et al. (2013) 
in the United States. The second model, Takt Planning and Takt Control (TPTC) was intro-
duced by Dlouhy et al. (2016) in Germany.  Both models are based on the principle of 
the takt time, although there are differences between TPP and TPTC (Lehtovaara et al., 
2019). 
 
2.2.5 Takt Time Planning 
TTP is a method for work structuring (Tommelein, 2017) that aims to balance the dura-
tion of different tasks while meeting production rate that is in line with the master sched-
ule (Frandson et al., 2013). In this model to balance different tasks, the project is divided 
into separate physical areas i.e. zones or takt areas. TTP have been tested in use and 
documented in case studies (Frandson et al., 2013; Frandson & Tommelein, 2014; Frand-
son & Tommelein, 2016).  
 
Frandson et al. (2013) lists a six-phase process for the TTP implementation: (1) gather 
information, (2) define zones, (3) understand the trade sequence, (4) balance the work-
flow, (5) understand durations for each task, and (6) establish a production plan. First 
phase requires collaboration between different parties. Suppliers and subcontractors de-
fine the details of their work and their estimations for time required, to understand spe-
cific what is required to be done and where it is done at the site. Based on the infor-
mation gathered, takt areas are defined. In Figure 2 is an example of zones defined to 
construction of exterior cladding. In an optimal situation, takt area consists of work pack-




Figure 2.  Example of zones defined by information from the previous phase (Frandson 
et al., 2013). 
 
After takt areas are defined, trade sequences need to be clarified based on concept of 
pull planning to develop the takt time (Frandson et al., 2013). For production planning, 
it is vital to understand who is working within takt area and in which order. Balancing of 
the workflow is possible after takt areas are defined and trade sequence understood.  
 
 
Figure 3.  Selection of takt time vs. trade-specific duration of work in each zone (Frand-
son et al., 2013). 
 
Different tasks are balanced within this phase by adjusting activities that are required to 
slow down or to go faster. Adjusting can be done e.g., by increasing labour or creating 
buffers. Balancing requires test-runs to establish accurate information. Balanced work-
flow of activities in the takt area finally defines the takt time. The takt time is adjustable 
and it can be changed during the process if necessary. 
22 
 
Frandson et al. (2013) reported TTP to increase required work compared to traditional 
production planning. This model requires collaboration and strong commitment from 
subcontractors and suppliers (Vatne & Drevland, 2016). However, using takt time in pro-
duction planning overcomes some of traditional production planning shortcomings. TTP 
allows better discussion between different parties and creates the process more trans-
parent (Frandson et al. 2013).  
 
2.2.6 Takt Planning and Takt Control 
Dlouhy et al. (2016) states that rarely knowledge and lessons learned from previous pro-
jects are transferred to the future projects and therefore potential of standardization of 
process structures will not be utilized. As a solution the authors have introduced a three-
level method for the takt production (TPTC) that is applicable for different projects. It 
addresses both takt planning and takt control while model by Frandson et al. (2013) fo-
cuses only on takt planning. TPTC method have been implemented in construction pro-
jects and documented in several case studies (Dlouhy et al., 2016; Binninger et al., 2018; 
Lehtovaara et al., 2019; Alhava et al., 2019). 
 
 
Figure 4. Overview of the three-level method (Dlouhy et al., 2016). 
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TPTC consists of three different levels: macro level, norm level and micro level (Dlouhy 
et al., 2016). The objective of the macro level is to create a process analysis to under-
stand activities of the process that adds the most value to the customer. Outcome of the 
macro level is a milestone plan created in collaboration with other project participants. 
Data and knowledge from previous projects can be exploited. Based on customer re-
quirements and macro level process analysis, the site is divided into functional areas. 
After successful process analysis, project participant shares a common vision on how the 
future project will be carried out. 
 
 
Figure 5. Takt production plan process. 
 
Takt areas are defined at the norm level more precise by breaking up the functional areas 
into standard space units (SSU) (Dlouhy et al., 2016). SSU is a small spatial and independ-
ent unit according to manufacturing characteristics e.g., corridor, roof, or bathroom. SSU 
consists of work packages e.g., heating, ventilation, and air conditioning (HVAC), painting, 
etc. (Binninger et al., 2017). Based on SSUs and work packages, the takt area and takt 
time are defined and adjusted (Dlouhy et al., 2016). Haghsheno et al. (2016) define equa-
tion for construction takt time as follows:  
  
Takt time=








                        (2)
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This process is repeated for every functional area (Binninger et al., 2017). In TPTC these 
work packages are called figuratively as wagons. Together these wagons in a line form a 
work train passing through different takt areas.  
 
 
Figure 6. Defined takt areas with SSUs and the takt plan (Dlouhy et al., 2016). 
 
Last of the three levels is micro level (Dlouhy et al., 2016). In micro level work packages 
are broken down into more detailed working steps and necessary buffers defined for takt 
areas. Defining working steps is done collaboratively with contractors and project man-
agement. Takt control aims to maintain required stability for production and continually 
improve the process (Haghsheno et al., 2016). Individual contractors are required to be 
involved to the takt controlling. Managing the execution and adjusting of production is 
implemented through daily takt status meetings (Dlouhy et al., 2016). Takt status meet-
ings are intended to document the status of the production and to measure whether 
production fulfils the requirements of the norm level. 
 
2.2.7 Takt production implementation in residential construction 
Empirical documentation of takt production implementation in residential construction 
projects is scarce (Lehtovaara et al. 2019). Implementation of TPP in residential construc-
tion has been documented by Vatne and Drevland (2016), and implementation of TPTC 
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has been documented by Lehtovaara et al. (2019) and Alhava et al. (2019). All these cases 
have documented reduction in lead-times and Vatne and Drevland (2016) in addition 
reported reduction in costs and stated that reduction in costs was limited due to piece 
pay payment term. 
 
Lehtovaara et al. (2019) study focused on TPTC implementation to interior phase. The 
authors listed barriers, enablers, and actions for both planning phase and control phase. 
Barriers to takt planning were found from unfinished design solutions, subcontractors 
and suppliers were not prepared enough for TPTC, missing planning for e.g. logistics, 
drying, and other critical tasks. These identified barriers are suggested to overcome by 
more collaboration, more detailed planning, and by committing subcontractors and sup-
pliers earlier on during the procurement process. Barriers regarding takt control was lack 
of understanding of the TPTC concept and its implementation, and deficient daily control. 
As a solution, the authors suggested that required knowledge concerning the implemen-
tation of TPTC should be ensured through training and by a softer start in implementing 
the TPTC in the project. Daily control requires committing by every participant within the 
project. 
 
2.2.8 Critique of takt production implementation 
Despite the promising results of takt production implementation in case studies, also 
problems have occurred. Both takt production models TTP and TPTC are reported to re-
quire more planning compared to traditional production planning (Frandson et al., 2013; 
Lehtovaara et al., 2019). Implementation requires strong commitment and Alhava et al. 
(2019) have reported lack of commitment to TPTC in case project that led e.g., to in-
crease in waste and repeating of mistakes. 
 
Commitment to takt production applies not only to the main contactor but also subcon-
tractors and suppliers. In takt production, it is important to ensure flow of production 
and therefore each takt area must be finished before moving to the next takt area 
(Keskiniva et al., 2020).  Lehtovaara et al. (2021) studied six takt implementation cases 
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and in all cases subtasks of takt areas were left unfinished which led to re-entrants to 
takt areas. According to Lehtovaara et al. (2019) if subcontractors are paid based on 
piece rates, work is tended to be sub-optimized and subtasks are left undone in takt 
areas. As a solution they suggest that committing subcontractors and suppliers to takt 
production should take place already at the procurement stage. 
 
One of the most significant barriers to takt production implementation is lack of know-
how (Lehtovaara et al., 2019). This should be addressed through training and a softer 
start in production. Adapting to new method of production planning requires a change 
in mindset from all different parties of the project.  
 
Current available literature on takt production in construction industry are principally 
published in yearly conference papers (by IGLC) and peer-reviewed publications in sci-
entific journals are scarce (Keskiniva et al., 2020). Literature on takt production is also 
limited mostly on single successful case studies (Lehtovaara et al., 2021). Impact of takt 
production is not obvious in every cases. Alhava et al. (2019) reported financially and 
qualitatively successful case study project with 30 per cent reduction in lead-time alt-
hough implementation of TPTC had significant flaws.  
 
2.2.9 Summary 
In the construction industry productivity is lagging, and lean manufacturing concepts are 
suggested as a solution (Aziz & Hafez, 2013). Takt time as a concept is not new and it 
comes from the lean manufacturing systems in which it is utilized in line balancing (Bo-
zarth & Handfield, 2008, pp. 194-195). In line balancing, idle time between each work-
station is aimed to minimize. In the construction industry from the concept of LP and 
takt time is developed takt production which is relatively new concept which has evolved 
into its current form in the 2010s (Lehtovaara et al., 2021). As in the manufacturing in-
dustry, takt production in construction industry seeks to equalize different production 
rate of different work phases (Keskiniva et al., 2020). 
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There are two established models for takt production implementation: TPP (Frandson et 
al., 2013) and TPTC (Dlouhy et al., 2016). Promising results have been reported for both 
models (Frandson et al., 2013; Binninger et al., 2018). Binninger et al. (2018) have re-
ported reductions up to 70 per cent in lead-times. 
28 
3 Procurement 
Procurement is a combination of activities required to obtain product or service from a 
supplier to the specified destination (Weele, 2010, pp. 6). Activities of procurement de-
scribes all the activities connected to purchasing process. Main purpose of procurement 
is to select suppliers for products and services (Bozarth & Handfield, 2008, pp. 14). In 
addition, procurement is responsible for management of current suppliers. Importance 
of procurement in businesses results from its possibilities to generate financial impact 
as major share of company’s revenue is spent on different products and services (Bozarth 
& Handfield, 2008, pp. 341-342). 
 
In this section, established procurement process model by Weele (2010) is discussed 
thoroughly. Strategic aspects of procurement are briefly explained to understand the 
procurement process better.  
 
3.1 Strategic approach to procurement 
Value within supply chains and trend in outsourcing has been recognized among busi-
nesses and scholars. Hence, purchasing and procurement management has taken an ap-
proach to a more strategic planning process from a tactical approach (Johnsen, 2018). 
Ghanbarizadeh et al. (2019) states that strategic approach to procurement management 
is required to achieve better outcomes in production and overall performance of the 
project. For effective purchasing operations, purchasing strategy should be in line with 
the company’s business strategy (Weele, 2010, pp. 61-62).  
 
Carr and Smeltzer (1997) defines strategic purchasing as: 
The process of planning, implementing, evaluating, and controlling strategic and 
operating purchasing decisions for directing all activities of the purchasing function 




Strategic purchasing pursues to add value to purchasing operations (Brandon-Jones and 
Knoppen, 2018). Value improvement of the purchasing performance appears as an im-
provement in cost, quality, delivery, flexibility, and innovation (Nair et al., 2015) that is 
achieved by centralizing the purchasing function (Brandon-Jones & Knoppen, 2018). 
With more strategic approach to the purchasing comes also deeper understanding and 
commitment to organizational targets (Nair et al., 2015). Organizational procurement is 
structured to be decentralized, centralized or a hybrid structure between decentralized 
and centralized structure (Weele, 2010, pp. 283). 
 
3.1.1 Decentralized procurement 
In decentralized procurement structure responsibility on financial performance is fully 
on business unit (Weele, 2010, pp. 283-284). Hence, decision making takes place primar-
ily in the business unit thus is responsible for all its purchasing activities.  
 
Advantage of decentralized structure is its agility and its strong impact direct to the busi-
ness unit (Weele, 2010, pp. 290). In addition, this structure reduce bureaucracy within 
the company. However, within decentralized procurement structure may occur as dupli-
cated work because of different business units negotiating with same supplier for the 
same products and services (Weele, 2010, pp. 283-284). Decentralized procurement 
structure limits the benefits of economies of scale, and steering of suppliers (Weele, 
2010, pp. 290). Also, information regarding prices of materials etc. becomes more scat-
tered. 
 
3.1.2 Centralized procurement 
Centralized procurement unifies company’s purchasing operations to increase scale of 
each purchase (Yunna & Ping, 2012). In centralized procurement structure, decision mak-
ing of purchasing decisions and supplier selection are implemented centrally (Weele, 
2010, pp. 284). Increased scale of purchase aims to reduce the unit costs of materials 
and resources, and because of reduced unit costs, the overall procurement costs are also 
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reduced. Higher volume in purchasing also increases the leverage of the purchaser in 
negotiations with the supplier (Rothkopf & Pibernik, 2016). Centralization is the most 
suitable for generic purchasing such as bulk products (Brandon-Jones & Knoppen, 2018), 
but also for strategically important components and resources and high value materials 
(Yunna & Ping, 2012).  
 
Advantages of the centralized procurement comes from the supplier selection and man-
agement, process standardization and increased transparency within the process (Yunna 
& Ping, 2012). By standardizing the process and increased transparency, variation of the 
process between different business units is reduced. Disadvantage of centralized pro-
curement is its more rigid structure (Weele, 2010, pp. 287-289). Within different busi-
ness unit may occur dramatic differences that one centralized structure is not able serve 
properly.  
 
3.1.3 Hybrid structure 
Hybrid procurement structure combines characteristics of decentralized and centralized 
procurement structure (Weele, 2010, pp. 285-286). Most companies use the hybrid pro-
curement structure in which selected purchasing categories are centralized and project 
or business unit specific purchases are made as decentral (Weele, 2010, pp. 279-280).  
 
Critique of the hybrid procurement structure is directed to off-contract purchasing of 
goods and services, which is called as “maverick buying” (Rothkopf & Pibernik, 2016). 
Maverick buying bypasses pre-negotiated contracts with selected suppliers and contrac-
tors (Karjalainen & Raaij, 2011; Weele, 2010, pp. 46). Off-contract purchasing occurs in 
every organization, but probability to realization of risk increases if the share of maverick 
buying is significant (Bozarth & Handfield, 2008, pp. 348). Risks may realize e.g., as higher 
unit prices and increasing process costs (Karjalainen & Raaij, 2011). 
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3.2 Procurement process 
Procurement process involves required actions to obtain a product or service from out-
side the organization (Bozarth & Handfield, 2008, pp. 346). Procurement process is one 
of the more complex processes in a company (Bildsten & Manley, 2015). The complexity 
of the process stems from the large number of different stakeholders involved (Rupara-
thna & Hewage, 2013) and high requirements of knowledge for technical aspects of each 
purchase (Sabolová & Tkáč, 2015) and long-term commitment in uncertain environment 
(Bildsten & Manley, 2015). Weele (2010, pp. 29) divides purchasing process to six differ-
ent steps: define specification, select supplier, contracting, ordering, expediting and 
evaluation, and follow-up and evaluation. 
 
Despite the complexity of procurement as an organizational process (Bildsten & Manley, 
2015), there are only rarely situations in which the whole six-step purchasing process is 
completely occupied (Weele, 2010, pp. 31). Different purchasing situations are a new-
task situation, a modified rebuy, and a straight rebuy.  
 
 
Figure 7.  New-task situation, modified rebuy and straight rebuy illustrated by some ex-
amples (Weele, 2010, pp. 32). 
 
In the new-task situation, completely new product is bought from a supplier that is un-
known for the buying organization (Weele, 2010, pp. 31). The new-task situation is the 
only purchasing situation that occupies every step of the purchasing process. This type 
of purchasing involves a highest risk of the purchasing situations. When organization 
purchases a new product or service from a known supplier, or a familiar product from 
unknown supplier is called the modified rebuy. The modified rebuy focuses primarily to 
32 
last four steps of the presented purchasing process. The straight rebuy or i.e. routine buy 
is the most common purchasing situation in which known product or service is bought 
from known supplier. There is low risk in the straight rebuy situations due to clear terms 
and conditions that are previously negotiated. Although purchases can be defined with 
different purchasing situations, these situations are affected also by the overall effect of 
each purchase (Bozarth & Handfield, 2008, pp. 346). Effort invested to the purchasing 
situation is also affected by e.g., financial, and strategic impact of the purchase. 
 
 
Figure 8. Purchasing process model and some related concepts (Weele, 2010, pp. 9). 
 
3.2.1 Determining specification 
After need for required product or service is identified, procurement process begins with 
defining requirements and specification for the purchase (Weele, 2010, pp. 32-33). Re-
quirements consists of technical and functional specification. Technical specification sets 
a detailed description of the characteristics of the product or service and, activities re-
quired to be performed by the supplier. Functional specification focuses more on the 
buying organization’s expectations for the product or service outcomes (Bozarth & Hand-
field, 2008, pp. 347-348). 
 
Technical and functional specification together create a wider concept of purchase order 
specification (Weele, 2010, pp. 32-33). In purchase order specification, all specification 
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is described to select the supplier. These specifications also include specification for qual-
ity, transportation, maintenance, legal requirements, and estimation for budget. 
 
3.2.2 Supplier selection 
Supplier selection is the next step in the purchasing process after specifications for ac-
quired product or service are clarified (Bozarth & Handfield, 2008, pp. 348-350). Based 
on the purchasing situation described by Weele (2010, pp. 31), the supplier is selected 
from known prequalified suppliers or if necessary, completely new supplier is selected 
(Bozarth & Handfield, 2008, pp. 348-350). 
 
Supplier selection consists of four individual phases: (1) assessment of supplier’s respon-
sibilities on assignment, (2) preliminary analysis of possible suppliers for the assignment, 
(3) preparation of request for quotation and analysing tenders from suppliers, and (4) 
selecting the supplier (Weele, 2010, pp. 33-37).  In the first phase, decision regarding 
type of subcontracting is defined. Turnkey and partial subcontracting are the two types 
of subcontracting. In turnkey subcontracting, assignment is fully assigned to the supplier 
and in partial subcontracting, the assignment is divided to separate parts and each se-
lected supplier is contracted for certain parts of the assignment. The supplier selection 
phase is also dependent on supplier relationship and acquired product or service, and it 
can vary significantly based on these factors (Bozarth & Handfield, 2008, pp. 348-350). 
Selection of supplier is executed after all required evaluation of suppliers are completed. 
 
3.2.3 Contracting 
Contract formalizes the relationship with buyer and selected supplier (Bozarth & Hand-
field, 2008, pp. 350). Contract includes detailed agreement on prices, delivery, terms of 
payment, warranties, legal terms, and other industry specific refinements (Weele, 2010, 
pp. 37-40). In addition, technical requirements for the purchase influences on the nature 
of the contract. 
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Prices and terms of payment are important aspects of contract (Weele, 2010, pp. 37-40). 
Most common purchasing contract is a fixed-price contract in which price is agreed in 
advance (Bozarth & Handfield, 2008, pp. 350). The fixed-price contract is not affected by 
e.g., fluctuations in raw material prices or by overall the state of economics. This contract 
type is also rewarding for the supplier (Weele, 2010, pp. 37-40). The supplier receives 
better margins for the assignment if work exceeds what is agreed in the contract. Better 
margins form e.g., from less resources used. The supplier may have large upfront invest-
ments in order to fulfil customer’s order. Hence, terms of payment are preferred to be 
linked to the performance of supplier. 
 
Within the contract, the supplier must guarantee that offered product or service is as 
requested (Weele, 2010, pp. 37-40). Penalty clauses and warranties are applied to the 
contract to ensure that supplier is obligated to meet the specification of the product or 
service. Legal terms are to subject what laws are applied to the contract. Commonly the 
applied laws are the ones from a country of the supplier. 
 
3.2.4 Ordering 
Ordering phase takes place in the process after supplier is selected and once contract 
and its terms and conditions are clear to both parties (Weele, 2010, pp. 42-43). Order 
cycle begins after buying organization sends purchasing order to the supplier and ends 
after money transactions and receiving of goods (Bozarth & Handfield, 2008, pp. 351). 
 
Purchasing order is a permission for the supplier to deliver requested service or product 
(Bozarth & Handfield, 2008, pp. 351). To ensure delivery without defects, supplier must 
be informed on a specific level (Weele, 2010, pp. 42-43).  Purchasing order includes order 
number, requested product details, delivery information, prices, and invoicing address. 
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3.2.5 Expediting and evaluation 
Expediting in the purchasing process refers to ensuring delivery on time (Weele, 2010, 
pp. 42-43). Expediting requires purchaser to monitor purchase orders and act if neces-
sary, to avoid any delay. Recommended method of expediting is a proactive in which 
purchaser contacts the supplier in advance. Effort invested to expediting can be mini-
mized by picking the most reliable suppliers and with an effective monitoring system for 
purchases (Bozarth & Handfield, 2008, pp. 351). 
 
3.2.6 Follow-up and evaluation 
Purchasing process continues in its final phase after products are received or service ex-
ecuted (Weele, 2010, pp. 43). Follow-up and evaluation phase require purchaser to man-
age possible claims for penalty clauses and questions regarding warranties, the supplier 
is evaluated, and documentation of the process is finished.  
 
The supplier evaluation is important to be recorded (Weele, 2010, pp. 43). Evaluation is 
targeted to supplier’s quality, delivery, and factors of innovation and competitiveness. 
For the future purchasing situations, this data can be utilized to select the best perform-
ing supplier (Bozarth & Handfield, 2008, pp. 352). 
 
3.2.7 Summary 
The purpose of procurement is to acquire required products or services (Weele, 2010, 
pp. 6) and select the supplier to fulfil the order (Bozarth & Handfield, 2008, pp. 14). Pro-
curement is also responsible for management of the suppliers. Strategic approach to 
procurement strives to support organization to achieve its long-term goals (Carr & Smelt-
zer, 1997) by improving procurement performance that leads to lower costs of procure-
ment and by improving quality (Nair et al., 2015). These improvements are achieved 
through economies of scale, whereby organizations negotiation leverage increases 
(Rothkopf & Pibernik, 2016). 
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Procurement process is one of the more complex processes within the organization 
(Bildsten & Manley, 2015). The procurement process activities consist of determining 
specification, supplier selection, contracting, ordering, expediting and evaluation, and 
follow-up and evaluation (Weele, 2010, pp. 9). All the activities that are connected to 











In this chapter, research methodology of the thesis is presented. This chapter covers re-
search approach and design, data collection and sample following with description of 
reliability and validity of the methodology. 
 
4.1 Research approach and design 
This thesis is executed as an exploratory case study which consists of multiple case pro-
jects in the Case Company. Exploratory studies are suitable for research that is aiming to 
build overall understanding of the object to be examined (Saunders et al., 2000, pp. 97). 
Exploratory studies seek to find out what is happening and to develop new insights. Ad-
vantage of exploratory research is its flexibility and adaptability to occurring change. In 
this approach, a researcher is also required to be willing to change direction of the re-
search as new results and insights occurs. 
 
Data of the research is collected through semi-structured interviews and the data is prin-
cipally qualitative. Collected qualitative data and its analysis is approached from a de-
ductive perspective. The deductive research approach seeks to meet the objectives of 
the research based on existing theory (Saunders et al., 2000, pp. 390). This thesis pre-
sents existing theory and concepts in the literature review which has been used as a 
basis for this qualitative research. 
 
Interviews of this thesis are executed as qualitative one to one semi-structured inter-
views. One interview made an exception, where two interviewees from different pro-
jects participated in the same interview. The frame of the interview used in this study is 
based on the literature review of this thesis and previous studies. Semi-structured inter-
views are non-standardised in which the researcher have a list of themes and questions 
to cover during the interview (Saunders et at., 2000, pp. 243-244). However, the content 
of the interview may vary from another based-on interviewee’s responses and 
knowledge. 
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4.2 Case projects 
For this research there are five selected case projects. All case projects are in Southern 
Finland in Helsinki and Vantaa. Three of the projects were finished during 2020 and two 
of the case projects are still on-going. Client of four case projects were the Case Company 
and two of the case projects had an external client. Sizes of the project varied from 
around 3300 m2 to 7000 m2 by gross building area (GBA). Number of floors in the pro-
jects varied from 4 to 8 floors. An overview of the case projects is presented in Table 3.  
 
The case project D was carried out by utilizing takt production. Other projects were exe-
cuted with more traditional production controlling methods of the Case Company.  
 
Table 3. Overview of case projects. 
Case 
project 
Location Status GBA Num-
ber of 
floors 




Project A Vantaa On-going 4680 
m2 
4 36 Internal 
Project B Helsinki Finished 6941 
m2 
5 32 Internal 
Project C Helsinki Finished 7082 
m2 
7 42,8 Internal 
Project D Helsinki Finished 4042 
m2 
7 47,8 External 
Project E Vantaa On-going 3316 
m2 
4 32 External 
 
 
4.3 Data collection and sample 
4.3.1 Method 
Interviews as a research method is very flexible and thus it is versatile for various studies 
(Hirsijärvi & Hurme, 2008, pp. 34). Interviews are one of the most used data collection 
methods, especially unstructured and semi-structured interviews. Saunders et al. (2000, 
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pp. 243-244) divide interviews into three categories: structured interviews, semi-struc-
tured interviews, and unstructured interviews.  
 
In structured interviews, the interviews are standardized and are based on identical set 
of questions (Saunders et al., 2000, pp. 243-244). An interviewer asks questions and rec-
ords responses of the interviewee. Within structured interview, social interaction be-
tween the participants is limited only to the set of interview questions. Semi-structured 
and unstructured interviews are non-standardized interviews in which the content of the 
interviews is not strictly defined in advance. Semi-structured interview is based on list of 
themes to cover in the interview while unstructured interviews has a topic of which the 
interviewee can talk without restrictions. 
 
This thesis utilizes semi-structured interviews as a data collection method. Semi-struc-
tured interview is selected for this thesis due to its suitability for the nature of this thesis. 
In this study, the research objectives and questions are complicated and multidimen-
sional and thus structured approach may ignore important aspects to address the re-
search objectives. There may be important aspects to support understanding that have 
not been considered by the interviewer, but which are raised during the interview by the 
interviewee (Saunders et al., 2000, pp. 247). 
 
4.3.2 Process 
The data for the empirical part of the thesis was gathered from semi-structured inter-
views. The interviews were divided into two different structures. Aim of the first inter-
view structure was to solve and understand the current state of the interior phase pro-
duction and focal factors affecting to the lead-time of the interior phase production. In-
terviewees of this interview structure were site managers and supervisors from different 
projects of the Case Company. Information regarding interviewees of first interview 
structure are shown in Table 4. All interviews were conducted through Microsoft Teams. 
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Table 4. Summary of the interviews of Interview A. 
Inter-
viewee 
Title Experience in 
years 




Site Manager 25 Project 
A 
28.4.2021 41 min 
Manager 
B 
Site Manager 8 Project 
E 





















5.5.2021 53 min 
 
 
The second interview structure was implemented with the subcontractors. Interviewees 
are shown in Table 5. Aim of these interviews was to understand factors affecting to their 
production and lead-time and how these factors should be addressed. In addition, the 
purpose was to gain understanding on how subcontractors have experienced takt pro-
duction and how it can be implemented to the benefit of all participants in the construc-
tion site. 
 













30 Wall levelling 
and painting 
18.5.2021 1 h 02 min 
Subcon-
tractor B  
Chief Execu-
tive Officer 
















4.4 Reliability and validity 
4.4.1 Reliability 
Reliability of the study in deductive approach can be assessed by reviewing its con-
sistency and repeatability (Saunders et al., 2000, pp. 100-101; Hirsijärvi & Hurme, 2008, 
pp. 186). Reliable study is implemented in a way that any researcher can execute the 
method with similar results (Saunders et al., 2000, pp. 100-101). This is a disadvantage 
and a problem in non-standardized research methods as non-standardized methods are 
not always suitable to be repeated (Saunders et al., 2000, pp. 251). In addition, Saunders 
et al. (2000, pp. 101) presents four threats to reliability of this research method: subject 
error, subject bias, observer error, and observer bias. 
 
Subject error refers to a factor that may cause unwanted variance to interviewee’s re-
sponses (Saunders et al., 2000, pp. 101). In this research, the interviewees are informed 
well in advance with required information to ensure their readiness for the interview to 
avoid subject error. Subject bias refers to a situation in which interviewees responses are 
skewed. The interviewees answers as they consider they should answer and not as things 
really are. To avoid subject bias, all interviews are executed as anonymous. 
 
Observer error refers to interviewer and one’s misunderstanding and misinterpretation 
of responses. To minimize this threat, frame of the interview is semi-structured with 
themes and questions which are based on the literature review. Observer bias is the 
greatest threat to research reliability (Saunders et al., 2000, pp. 228). Observer bias re-
fers to researchers unwanted influence on research outcome. Conclusion of the study 
may be influenced by researcher’s own beliefs and subjectivity. To avoid observer bias, 





Hirsijärvi and Hurme (2008, pp. 186-187) divides validity into four types: statistical valid-
ity, construct validity, internal validity, and external validity. Statistical validity is associ-
ated with manipulation of statistical data and thus in qualitative semi-structured inter-
views it is not the most essential in this study. Construct of validity refers to structure of 
the study and its objectives: whether the study addresses what it is supposed to address. 
In this thesis, construct of validity is supported by building the empirical part based on 
the literature review, previous studies, and the research questions. 
 
Internal validity refers to causation of different factors and the outcome is really the re-
sult of these factors and is not caused due to another unknown factor (Hirsijärvi & Hurme, 
2008, pp. 188). Internal validity is supported in this thesis by establishing findings on only 
to quotations of the interviewees. External validity refers to generalisation of findings 
and results in different occasions or subjects. Saunders et al., (2000, pp. 102) states that 
external validity is a relative issue in a single organisation case study. However, in such 
cases purpose is not to produce an outcome that is as such generalisable to all occasions. 





5.1 Interview A – current statue of interior phase production at site 
In this section, results of the interviews are overviewed. This interview focused on the 
current statue of the interior phase production at site. Interviewees of this interview 
were Case Company’s site managers and supervisors from five different projects in 
Southern Finland. For closer examination, interview structure used for these interviews 
can be found from appendices.  
 
5.1.1 Focal factors affecting to lead-time of interior phase production 
Although the responses considering focal factors affecting to lead-time of interior phase 
production were partially scattered, three major factors were raised: production sched-
ule, structural engineering, and people. 
 
Every interviewee raised production schedule as a crucial factor for successful interior 
phase production. Supervisor B stated production schedule as the most important factor 
to execute interior phase production successfully. The interviewee also argued that the 
production schedule must include all the minor work phases as well and that the more 
precise the production schedule, the better. Other interviewees stressed the importance 
of realistic schedules which are feasible. Supervisor A emphasised that with realistic 
schedules each work phase can be completed at once and thus avoid re-entries to work-
places. Each re-entry will cause additional unnecessary costs, wasted time, or both. Man-
agers A and B underlined the importance of pay special attention on work phases that 
are pacing the whole interior phase production e.g., wall levelling and painting. These 
work phases must be scheduled accurately due to the large impact on other work phases.  
 
To conclude the importance of production schedule: 
the better the schedule is made, the easier it is to work at site. – Supervisor B 
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Structural engineering is referred in this thesis to describe all production design: archi-
tectural, structural, and building engineering. There was no clear consensus of views on 
the structural engineering’s effects on interior phase production lead-time. However, in 
every interview the topic was mentioned as an affecting factor. 
 
Manager A stated that if structural engineering is really flawed, it affects the overall lead-
time, but in such scale deficiencies occurs rarely. Supervisor A stressed that it is im-
portant that all structural engineering is finished before starting the interior phase pro-
duction. Thus, interferences of production can be avoided. Also, Supervisor C stated that 
flaws in structural engineering affects to the interior phase production and its lead-time 
and there is always flaws in production design but, the overall effect to the lead-time is 
minor. However, these flaws cause unnecessary work and stress for the site supervisors. 
 
During the interviews, people and their skills and knowledge was highlighted as a crucial 
factor to the interior phase production lead-time. This factor includes both project man-
agement and workers. Produced work in the construction site is performed primarily by 
workers, thus pace of each work phase is not constant (cf. production line in manufac-
turing industry), and pace can vary between different workers. However, Supervisor C 
noted that the subcontractors are committed to the production schedule. Manager B 
stated that in project management experienced employees are important and often in-
experienced employees in project management leads to uneven workload between the 
management. Supervisor B argued that competence of project management comes back 
to the production schedule. To create realistic production schedules, experienced pro-
ject management employees are a necessity. 
 
5.1.2 Disturbances and interruptions in production 
In the construction site disturbances and interruptions in production emerge from many 
different factors. Disturbances and interruptions in interior phase production typically 
cause a “domino effect” in which one interruption will affect to every next phases. Dur-
ing the interviews, the interviewees identified the factors behind the disruption and 
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interruptions. Identified factors were extended drying times, lack of communication, 
poor production scheduling, material logistics, quality issues, absences, and unfinished 
work phases.  
 
Drying times were underlined in every interview. Supervisor C stated that slow concrete 
drying and variation in drying times is mostly a consequence of seasonal weather 
changes. Supervisor A argued that drying times are affecting to production and it is not 
at all times considered thoroughly in the production scheduling. Extended drying times 
causes delays in certain work phases which affect then to the whole production schedule. 
Based on the views of Supervisor B, by controlling drying times, often the project’s inte-
rior phase stays on the production schedule. 
 
Supervisor B stated that lack of communication between different participants leads to 
overlap of different work phases. As the overlap occurs and multiple contractors cannot 
work simultaneously, one subcontractor must halt and if there is no other workplace as 
a buffer it causes idling. Also, a root cause for these overlaps in the first hand is poor 
production scheduling. 
 
Material logistics were also identified as the factors of production interruption. It is es-
sential to have materials at right place to ensure production flow. Supervisor C under-
lined that if materials are not at right place at right time, again idle time appears. Super-
visor B added to material logistics as interrupter that if materials are moved the risk of 
breakage of materials increases.  
 
Quality issues that interviewees raised were e.g., incorrectly installed drywalls, concrete 
related quality issues such as poor concrete post-processing and misplaced power sock-
ets or heating pipes, and painting. Manager B stated that typically these quality issues 
have a minor impact to the lead-time but causes re-entries and therefore unnecessary 
work. Supervisor A however had an opinion that if work is completed fully at once, time 
savings can be achieved. 
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Absences were mentioned by all interviewees. Interviewees described absence as time 
when worker or workers was not working on the site as agreed. Supervisor A stated that 
typical reasons for absences are e.g., illness or if subcontractor is behind the schedule in 
another construction site, they tend to prioritize their resources to this site. Manager A 
and B emphasized the significant impact of absences to production in cases where re-
placement labour resources are not available. 
 
Unfinished work phases were recognized as a reason for interruption in production. 
Views for its overall impact to the production were scattered in the interviews. Supervi-
sors A and B experienced that unfinished work phases are affecting to next work phases 
and even the lead-time. On the contrary Supervisor C experienced that unfinished work 
occurred rarely in Project D and hence its impact is relatively low for lead-times. Manag-
ers A and B stated that unfinished work occurs at their projects, but the impact is minor 
due to time buffers. However, based on the interviews unfinished work phases are one 
of the most common disruptor and reason for production interruptions although its 
overall effects were perceived differently.  
 
5.1.3 Anticipation to production disturbances and interruptions 
Anticipation to production disturbances and interruption starts from production plan-
ning. Supervisor A stated that production planning is required to be implemented in a 
manner that ensures workflow. The workflow is ensured by securing each workplace for 
subcontractor at the time. Supervisor B stressed that in production planning the suffi-
cient time for each work phase must be ensured and thus work can be done with high 
quality and on time. 
 
Work must be completed fully and avoid any re-entries. This way production runs 
like a train. – Supervisor A 
 
Every interviewee underlined the importance of supervision of work and its progress for 
ensuring workflow. Manager A argued that with active supervision of work, disturbances 
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and interruptions can be avoided. Supervisor A stated that with active supervision if in-
terruption however occurs in interior phase production, corrective actions to interrup-
tion can be done faster and thus avoid major disturbance. Also, Supervisor C emphasized 
the importance of supervision. The realistic view of work and its progress for project 
management is ensured with active supervision.  
 
Self-inspection process is a practice in construction site production in which each sub-
contractor inspects results of their own work before the handover of the workplace for 
the next subcontractor. Aim is to ensure that work phase is completed fully as agreed 
and thus avoid disturbance and interruption at the start of the next work phase. This 
practice of self-inspection is applied also to interior phase production. However, all in-
terviewees considered that its realization varies by subcontractor. 
 
Manager A and B with Supervisor A and C experienced that as self-inspection process is 
not always done properly, it again increases the workload of the project management. 
Manager B also added that it is important that each subcontractor inspect and receive 
next workplace in advance to ensure that they can start and complete their work phase 
without interruptions. Supervisor A stated that the process of self-inspection and com-
mitting to it by subcontractors should be developed for it to work as intended. One op-
tion presented by Supervisor A was to make negligence of self-inspection process possi-
ble to financially fined by main contractor. Supervisor B did not experience realization as 
a problem and stated that in Project C, supervisors at site obliged subcontractors to par-
ticipate and execute the process together with supervisors. However, self-inspection 
process is the responsibility of the subcontractor. Supervisor A described one implemen-
tation of setting quality requirements for the self-inspection process. In this implemen-
tation, one apartment is completed and used as a model of quality standard and each 
subcontractor commits to its quality level. 
 
During the interviews buffer times were underlined as a crucial factor to ensure work-
flow. Time in production to which there is no scheduled any work and is independent to 
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any variables in production is called as a buffer time (Dlouhy et al., 2019). Buffer times 
are intended to prepare for changes and disturbances in production e.g., in cases where 
one work phase requires more time than scheduled, the buffer time can be utilized. Su-
pervisor B argued that the production schedule is facing unexpected changes in all pro-
jects and therefore buffer times must be included to the production schedule. Also, Man-
ager B, Supervisor A and C underlined that every realistic production schedule must in-
clude buffer times. 
 
Time buffers were stressed in the interviews to avoid disruption and interruptions in the 
production caused by possible extended drying times. Even if weather conditions affect 
to the drying times, drying times can be controlled. Supervisor B argued that drying 
times can be controlled and that it is possible to have similar drying times despite the 
weather conditions by protecting and sealing windows and doors, by heating, and by 
striving to get building’s heating systems on as quickly as possible. Supervisor C also 
stated that by using right concrete materials, and by heating, drying times can be opti-
mized but can lead to cost increase. 
 
The importance of communication was also stressed during the interviews to ensure 
workflow. Supervisor B stated that it is important to communicate between different 
parties at site and the importance is extremely important in cases in which there is an 
error which has led to the interruption in the production to tackle issues as effectively 
as possible. Implementation practices of communication varied by project. Supervisor C 
argued that weekly meetings are the most effective way to inform all parties. Also, Man-
agers A and B supported the importance of weekly meetings. However, communication 
also takes place in other ways as well. There are unformal daily conversations at site with 
subcontractor’s workers, emails between supervisors etc. The most important is that 
there is communication between different parties to ensure the workflow. 
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5.1.4 Production control and scheduling 
Production controlling of Project D was implemented utilizing takt production. Other 
projects were utilizing more traditional production controlling method of the Case Com-
pany. However, there were project-specific differences in production controlling prac-
tices in every project. 
 
In Project D, the takt production was implemented with one-week takt times and each 
floor was defined as the takt area. Production schedule planning was executed primarily 
by the Case Company. HVAC subcontractors were the only ones to participate in produc-
tion schedule planning. Supervisor C stated that subcontractors should have involved 
more to the production schedule planning. 
 
Production schedule faced issues from the beginning of the interior phase production. 
Wall levelling and painting were incorrectly scheduled which led to extension of the 
schedule. There were two buffer weeks (colour white in Figure 9) included in the takt 
schedule which had to be used due to more time required in wall levelling and painting. 
Delay affected also to next work phases e.g., cabinetry and ordered materials for it had 
to be stored temporarily. Supervisor C also stated that due to these delays, rest of the 






Figure 9. Takt production schedule from Project D. 
 
In other case projects, the production scheduling was also primarily done by the project 
management. In Projects B and E subcontractor responsible for wall levelling and paint-
ing was involved to the production schedule planning due to its high impact to the overall 
interior phase production pacing. Manager A from Project A stated that the project was 
relatively simple hence involvement of subcontractors was low but in more complex pro-
jects involvement of subcontractors in production schedule planning is required. Super-
visor A stated that in Project B, all subcontractors were involved to production schedule 
planning during the production by using reverse phase scheduling. In the reverse phase 
scheduling, the schedule is reviewed from scheduled finish to current state.  
 
5.1.5 Committing to production schedule and its changes 
As stated earlier, staying on production schedule is crucial for undisturbed production. 
Hence, committing to production schedule is a key to its success. Committing to produc-
tion schedule experienced important especially in Project D in which takt production was 
implemented and buffer times were limited. 
 
Supervisor C stated that there were issues in balancing work to takt schedule. From the 
start there were problems with wall levelling and painting which required almost twice 
the time what was originally scheduled. Issues in balancing were not only from 
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extensions of required time but also because of there was not enough work to be done 
from the perspective of the subcontractor. For example, there were scheduled one week 
for each takt area (one floor). This included work phase of baseboard installation which 
not required whole week to complete. Supervisor C stated that this led to a situation in 
which the subcontractor refuses to fully commit to the takt schedule. 
 
The most common practice of committing subcontractors in case projects was contract-
ing. There have been set sub-goals, which are accepted by the subcontractors. Sub-goals 
also can be set to be financially fined. Supervisor B argued that the problem of commit-
ting the subcontractors to the production schedule is that each participant within the 
interior phase production typically focuses only their own work phase and ignores other 
parties and added that every participant should adapt to mindset of collaboration. Pos-
sible disturbances in production could be typically resolved more effectively with closer 
collaboration. Supervisor A stated that effective way to commit subcontractors the pro-
duction schedule in addition to contracting is to involve subcontractors to production 
scheduling process.  
 
During the interviews there were differences on the importance of the commitment to 
the production schedule but in Project D the importance was extremely important be-
cause of the strict schedule with limited time buffers. Other case projects were imple-
mented with looser schedule, with time buffers typically from one week to two weeks 
between each work phases. Time buffers scheduled in Project B can be seen in Figure 10 
(empty spaces between work phases) that presents the master schedule of the project. 
Compared to the takt schedule of Project E, the production schedule of the traditional 
production controlling method is not as sensitive to interruptions because there are al-






Figure 10. Master schedule of Project B and work phases to be studied. 
 
5.1.6 Support of procurement and takt production in shortening lead-times 
Supervisor C experienced that the takt production as an enabler in shortening of lead-
time of the interior phase production is possible but it requires more experience and 
more matured takt production model.  
 
I believe that after takt production model matures and experience is gained from 
its utilization, lead-time of interior phase production can be reduced. – Supervisor 
C 
 
Based on the views of Supervisor C, in takt production more attention should be paid to 
production scheduling process i.e. takt planning. Particular attention should be paid 
making the production schedule realistic. To a more realistic outcome subcontractors 
should be involved more to production planning. In addition, takt production should in-
clude some sort of time buffers for possible interruptions. Support of procurement to 
takt production should come from contracting. Supervisor C stated that in contracts, 
subcontractors should be committed more strictly to takt production and more precise 
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to takt times and areas. Committing to takt production requires also that subcontractors 
ensures required resources to production scheduling and to the actual production phase. 
Supervisor A also stressed that procurement should be better understood of events of 
the construction site. This is achieved by participating more. 
 
During the interviews, takt production was raised as a topic of the discussion. In other 
case projects, takt production was not implemented and none of the interviewees had 
previous experience from takt production in practice. The takt production as a concept 
was familiar to the interviewees. All the interviewees experienced takt production has a 
potential to reduce lead-times. In particularly, the more precise production schedule was 
experienced as an enabler to improve the interior phase production. Supervisor B stated 
that possible issues of the production schedule can be identified and tackled in advance 
due to more detailed production scheduling. Manager A stated that more detailed pro-
duction schedule would probably improve forecasting of the production schedule if all 
contractors commit to the takt production. 
 
The interviews considered that takt production does not cause significant changes to the 
contracting. Manager B stated that if contracts are changed to suit takt production the 
risk is that the focus is on too small details. Supervisor C argued that e.g., even if the 
subcontractor is required to execute the self-inspection process is in contract, it does not 
guarantee its realization at site. However, based on the interviews, in takt production 
securing labour resources should be agreed by subcontractor in the contracts. 
 
The interviewees experienced also issues in the concept of takt production. Supervisor 
A experienced that the problem of takt production is its fragility to interferences and 
added that there are always factors affecting to the production that cannot be scheduled 
in advance. 
 
If the production schedule is fully optimised, it takes only one mistake and the pro-
duction schedule is threatened to go awry. – Supervisor A 
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Also, other interviewees raised the issue regarding takt production being fragile for any 
occurring changes. As a solution, the interviewees all stated that in takt production time 
buffers cannot be completely left out and to succeed in takt production there must be 
time buffers included. 
 
 
5.2 Interview B – subcontractors 
In this section, results of the second interviews are overviewed. These interviews were 
implemented together with subcontractors from selected categories: wall levelling and 
painting, HVAC, cabinetry, and flooring. Interviewees were well experienced profession-
als from their field. The interviews focused on the current production and factors affect-
ing to its lead-times and the experience of subcontractors in takt production and its im-
plementation. 
 
5.2.1 Factors affecting to lead-time of subcontractors and its shortening 
Subcontractors experienced that shortening lead-times is difficult in current production. 
Shortening lead-times requires significant changes to the production model. For exam-
ple, Subcontractor C stated that current lead-times can be shortened by a couple of days, 
but to shorten lead-times significantly, it requires change to whole scheduling of interior 
phase production. 
 
During the interviews, there were multiple factors identified affecting to the lead-time 
of studied work phases. Factors identified by the subcontractors were primarily similar 
to the ones identified by the Case Company’s project management. Identified factors 
were unfinished work phases, production scheduling, quality issues, material logistics, 
and differences in the management of projects.  
 
Based on the views of the interviewees, the start and progress of the work was most 
affected by unfinished work phases. Subcontractor C stated that from the perspective of 
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subcontractor it is the most important thing that previous work phases are completed 
before starting the work phase. Subcontractor A stressed that each work phase is re-
quired to be fully completed but the quality of the work must also be in line with the 
quality requirements to ensure the workflow of the next work phases, and the problem 
typically spring from self-inspection process that is not executed properly. Also, Subcon-
tractors B and D emphasized unfinished work as one of the most common factors affect-
ing to their production lead-time. 
 
Production scheduling was raised as a factor that affects subcontractors starting of the 
work. Issues related to starting of work is often linked to the unfinished work. Subcon-
tractor D stressed the importance of timeliness. Scheduling and its resourcing should be 
implemented as balanced from start to finish to complete work as agreed within the 
schedule. Also, Subcontractor A stated that staying in schedule is a significant problem 
in the construction industry and based on their own data, starting of work as agreed is 
delayed by at least one to two weeks in 80 per cent of all projects they are working. 
Subcontractor B argued that issues in production scheduling are repeatedly related to 
drying times. Moisture and its control are neglected in production scheduling that causes 
delays in starting of work. Subcontractor B added that drying times are major bottle-
necks in construction production that requires more attention. 
 
Drying times can be controlled with using right concrete materials, and with venti-
lation and by heating. – Subcontractor B 
 
Quality issues were raised by Subcontractor A. Problems observed were targeted to con-
crete surfaces and installation of concrete elements. Variation in quality disrupts fore-
casting the duration of time required for working. As an example, Subcontractor A men-
tioned wall levelling that is affected especially from the quality of concrete surfaces. 
Hence, time and materials required can vary between projects. Subcontractor D stated 
that quality issues e.g., missing HVAC pipe reservations affects to their work. 
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Material logistics were also identified as a factor affecting to subcontractor’s lead-times. 
In categories cabinetry and wall levelling and painting, subcontractor’s experienced that 
on-site material logistics affects to the lead-time. Subcontractor C stressed that materials 
should be delivered to the workplace well before starting the work to avoid any unnec-
essary waiting in installation of cabinetry. Subcontractor A argued that in current pro-
duction system, often material logistics related to their work phase at the construction 
site is performed by e.g., painters that is not cost efficient in every situation and is skill 
misuse that can be identified as a waste. In addition, material logistics causes traffic at 
site that can affect to the other ones working. Subcontractor A stated that in takt pro-
duction working free of interruptions is essential and thus material logistics should be 
executed in a “night shift” by external logistic worker when there is no other traffic at 
site.  
 
Significant project-specific differences in project management were considered as a fac-
tor affecting to production and its lead-time. However, views on the overall impact to 
the lead-time was scattered. Subcontractors A and C argued that project and its man-
agement is heavily dependent by its people and thus production flow varies between 
projects. Subcontractor B stated that with bigger companies as the Case Company, the 
project management is such standardized that changes between projects are minor and 
affects to their production are small. 
 
5.2.2 Avoiding production disruptions and ensuring the continuity of work 
All subcontractors stressed the importance of communication in the construction site. 
With sufficient communication, all project participants are aware of possible changes in 
the production scheduling and thus production interruptions can be avoided by antici-
pating. Subcontractor D stated that project weekly meetings are in key position in effec-
tive communication. Subcontractor A argued that communication regarding changes in 
production schedule is not effective and suggested online platform i.e. subcontractor 
portal where the main contractor uploads the production schedules and updates these 
schedules regularly if changes occurs. Interviewees also raised the importance of 
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informal communication. It is important that communication takes place via daily con-
versations between supervisors and subcontractors. Subcontractor B suggested that the 
construction site’s informal communication can be implemented also other ways e.g., in 
a group messaging mobile app. 
 
Interviewees stressed collaboration as particularly important in the production schedul-
ing. Subcontractor D argued that if subcontractors are involved to the production sched-
ule planning process, the schedule is more realistic, and the reliability of its forecasting 
improves. Based on the views of Subcontractor C, collaboration is crucial in problem 
solving to address problems effectively.  
 
For ensuring the continuity of subcontractor’s work, main contractor must ensure work-
place to the subcontractor that is free of distraction in which work phase can begin on-
time as agreed. Subcontractor A argued that the most important thing is that each sub-
contractor can complete their work phase fully on schedule.  
 
Each delay affects to every following work phases. – Subcontractor A 
 
Finished work phases requires active supervision of work and effective self-inspection 
process according to the interviewees. Subcontractor D argued that the self-inspection 
process is not standardized enough and should be developed to in a more standardized 
direction. Subcontractor A stated that with standardized self-inspection process it can be 
ensured that each work phase is fully completed, and next work phase can be executed 
with free of interruptions.  
 
5.2.3 Previous experience from takt production 
All subcontractors had previous experience from takt production implementations from 
different main contractors in different projects. Views on how utilization of takt produc-
tion have worked in previous projects were mixed. The concept of takt production was 
generally considered as a positive development to the construction industry. More 
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precise production scheduling, increasing involvement to the production planning pro-
cess, and mindset of collaboration was considered as positive aspects of takt production 
by the subcontractors. However, problems in takt production implementation were also 
identified. Problems of the previous takt production implementations were balancing of 
work, missing time buffers, variation in takt production implementation, fragmentation 
of workload and consequent decline in productivity, and the sensitivity of takt schedule 
to any changes or disturbances. 
 
In concept of takt production aim is to balance production rates of different work phases. 
Interviewees considered previous implementations of balancing problematic. In projects 
where takt areas were divided to much smaller areas compared to traditional production 
this led to decrease in productivity of subcontractors. Loss of productivity was caused by 
increasing waiting time (due to lack of space to work with), and from transportation. For 
example, Subcontractor B described their operations in floor levelling in which significant 
share of the working time is used to transportation and preparation of machinery and 
this used time is constant. In takt production working areas for floor levelling has become 
smaller, and the distribution in working time usage is weighted even more to preparation 
and transport. Suggestion to this issue was that more machine-oriented work phases are 
executed outside of the takt schedule. Also, other interviewees stressed the importance 
of reasonable size of the takt areas. 
 
Takt production models implemented varied from project to project. Differences oc-
curred e.g., in production planning, which work phases were included to takt production, 
and involvement of subcontractors to the planning process. Subcontractor D stated that 
in production in which takt production and traditional production models are combined 
is problematic. If takt production is implemented, all subcontractors should be commit-
ted to it. All interviewees considered that it is crucial for successful takt production im-
plementation to be involved to the production planning process. 
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Major problem of previous takt production implementations was the sensitiveness of 
takt schedule to occurring changes. Subcontractor A stated that none of the takt produc-
tion project they have participated has realised as scheduled originally.  As the schedules 
are not realised as planned, difficulties arise from the lack of time buffers. All the inter-
viewees considered that even if takt production contains less time buffers, it cannot be 
implemented without time buffers. Subcontractor A argued that as long as unfinished 
work appears in the construction site, takt production is impossible to execute without 
time buffers and successful takt production will be difficult. Lehtovaara et al. (2019) sug-
gested softer start for takt production. Subcontractors had no experience on soft start in 
takt production but considered it as a positive concept that should be piloted. 
 
Positive experiences on takt production focused on collaboration and to project produc-
tion planning. Subcontractor C stated that collaboration is the key for successful takt 
production and stressed the importance especially in current situation in which takt pro-
duction is in its early stage. Collaboration and possibility to influence to the production 
plans considered as a workable mean for subcontractor commitment. Collaboration also 
was considered to increase the level of improvement. Possible increase in required re-
sources to planning phase of takt production was not considered as a problem. Subcon-
tractors experienced that as more effort is used in the project’s early stage the less it is 
required at during the production phase and at final stages. Subcontractors also consid-
ered that with takt production, reducing lead-times is possible after production system 
matures, and its flaws are tackled. 
 
5.2.4 Shortcomings and questions regarding takt production for the subcontractor 
In the interviews, interviewees were asked about shortcomings of takt production from 
subcontractor’s perspective. The subcontractors emphasized that if takt production is 
utilized in a project, information on its implementation should be available at an early 
stage of the project. Preferably in the tendering phase of the project. When the infor-
mation is obtained early, the subcontractors can direct their resources for the project 
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correctly and possibility to the involved to the production planning process. Other fore-
knowledge was not considered necessary for takt production implementation. 
 
One of the concerns to takt production for subcontractors were that in previous imple-
mentations, it is focusing too much on main contractor. Subcontractor B stressed that 
even if the overall lead-time of the interior phase production is reduced, it may not ben-
efit the subcontractor due to decrease in productivity (e.g., increased waiting). Subcon-
tractor D also argued that it is not always clear for the subcontractor how takt production 
support their current revenue model and thus committing to takt production may be-
come more difficult. Also, as takt production reduces time buffers, any possible addi-
tional work added to original contract is required to plan with consideration on how the 
additional work is possible to execute without compromising the subcontractor’s origi-
nal responsibilities to the takt schedule. 
 
5.2.5 Committing to takt production 
The commitment of subcontractors to takt production requires possibility to get involved 
to the production planning, collaboration, clarity of the earning model, and continuity 
for subcontractor. The most important factor for committing to takt production was 
based on the interviews to get involved to the production planning. Involvement as such 
is not enough to interviewed subcontractors. There must be an opportunity to influence 
to the production schedule and thus create the mindset of collaboration. 
 
Interviewees described that collaboration in takt production requires in addition to the 
involvement to the production planning, an effective communication. In the effective 
communication, the subcontractors are informed in every stage from the planning phase 
to the handover.  Also, variation in terms of communication should be kept to minimum 
and strive to more standardized communication models. 
 
Finally, for subcontractors committing to takt production clarity of the earning model is 
required to be clear. In takt production, ensuring continuous workflow is essential for 
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the subcontractor’s productivity. Subcontractor B suggested that takt production should 
include financial incentives that motivates subcontractors for committing to takt produc-
tion. Current practice within the industry is to set penalty clauses from delays but based 
on subcontractor’s view it may motivate better to commit if the pricing is implemented 
with bonuses instead of the negative approach. Subcontractor C stated that if subcon-
tractors are committed to development of takt production, also -main contractor should 
commit to the subcontractors especially in current situation in which takt production is 
relatively a new production model. Subcontractor C also argued that thus continuous 
improvement in takt production occurs and collaboration is realised. 
 
5.3 Summary of the results 
As broader concepts, factors influencing to the lead-time of interior phase production 
were identified three factors: production schedule, structural engineering, and people. 
Disturbances in these factors leads to interruptions and delays of the production. Dis-
turbances and interruptions are result of lack of communication, poor production sched-
uling, material logistics, quality issues, absences, or due to extended drying times, and 
unfinished work phases. A key role in anticipating production disruptions is high-quality 
production planning and active supervision to ensure the workflow without interrup-
tions. Also, for ensuring the workflow, the importance of the self-inspection process and 
its shortcomings were highlighted by the interviewees. Identified factors and corrective 
actions raised during the interviews are listed in Table 6.  
 
One of the projects studied was implemented by utilizing takt production in the interior 
production phase. The utilization of takt production was considered as an enabler for 
shortening the lead-time. However, the implementation faced issues right from the start 
of the production due to lack of proper execution of the takt production. The interviewed 
subcontractors considered the general concept of takt production as a positive develop-
ment for the industry, but in its current form incomplete. Previous implementations of 
takt production, subcontractors considered that commitment to takt production 
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requires transparency and effective communication, strong involvement to production 
planning, and clarity in the earning models.  
 
Table 6. Identified factors as a waste, and corrective actions. 
Factor Waste Corrective action 
Unfinished work phases Inventory Self-inspection process; con-
tracting 
Production scheduling Inappropriate processing Involvement of subcontrac-
tors; subcontractor portal; 
standardized takt production 
model; soft start 
Quality issues Defects Self-inspection process 
Material logistics Transportation, skill mis-
use 
External logistics workers 
Extended drying times Inappropriate pro-
cessing, waiting 
Involvement of subcontrac-
tors; production planning 
Lack of communication Motion Takt control meeting; subcon-
tractor meeting; standardized 
communication practices 







Poor development of the productivity of the construction industry is widely recognised 
(Fulford & Standing, 2014). Location-based production controlling method takt produc-
tion developed from lean construction has shown great potential in reducing the lead-
times of construction and thus increasing the overall productivity of the construction 
industry (Lehtovaara et al., 2019). Procurement also plays a significant role in the indus-
try due to high percentage of outsourced work (Zeng et al., 2018). This thesis examined 
interior phase production in residential construction. Focus of the thesis was to identify 
focal factors affecting to the interior phase production and how to address these findings 
with takt production and procurement. 
 
6.1 Answers to the research questions 
Two research questions were defined for the thesis: 
 
1. What are the focal factors affecting to the lead-time of the interior phase pro-
duction? 
 
2. How procurement process and takt production can support shortening lead-
times of the interior phase production? 
 
These research questions are answered in this section of the thesis based on the inter-
views and the literature review. 
 
The focal factors affecting to the lead-time of the interior phase production are produc-
tion schedule, structural engineering, and people. These factors are broad concepts that 
are enabling continuous workflow that is free of interruptions and disruptions. In turn, 
disruption in these factors results as interruptions and disruptions in the production and 
as possible delay in the overall lead-time of the interior phase production. In addition, 
these factors interact with each other and can be partially overlapping especially in 
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situations in which problems occurs in the production. The interruptions and disturb-
ances identified in this thesis that follows from the disturbance in the three focal factors 
were lack of communication, poor production scheduling, material logistics, quality is-
sues, absences, or due to extended drying times, and unfinished work phases. Identified 
disruptors of the production were almost identical between the Case Company’s inter-
viewees and subcontractors. However, subcontractor’s opinions on which are the most 
crucial factors varied from the Case Company’s interviewees opinions. 
 
To answer second research question, it is necessary to discuss it by considering the find-
ings of the first research question. One of the major factors identified was production 
planning and its importance and impact to the interior phase production lead-time. Takt 
production and scheduling aims to more detailed production planning and thus less time 
buffers are required. Hence, lead-time can be reduced. However, as stated in the previ-
ous paragraph, identified factors are in interaction with each other and thus to imple-
ment takt production successfully other two factors: structural engineering and people 
must be at the level required for takt production. 
 
Takt production requires strong commitment to succeed. Due to requirement for strong 
commitment, the importance of procurement increases. As Bozarth and Handfield (2008, 
pp. 14) stated, the main purpose of the procurement is to select the supplier. In addition, 
procurement is responsible for supplier management. Procurement and procurement 
process can support shortening lead-time of the interior phase production in takt pro-
duction by selecting suppliers that are willing to commit and improve in collaboration. 
Rose and Manley (2011) argued that to commit subcontractor’s procurement must strive 
for equality between different parties. Hence, trust should be highlighted instead of cur-
rent practice of financial incentives which by their nature signals for untrust between 
the main contractor and subcontractors. Selected subcontractor for takt production is 
required to be able to work in more intense work environment e.g., small subcontractors 
may not be able to secure the labour resources. There should also be a focus on con-
tracting which supports the commitment of subcontractors to takt production. Although, 
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based on the interviews, no significant changes to the contracts are required for takt 
production. Finally, in takt production implementation projects the importance of in-
volvement of procurement is important.  
 
6.2 Comparison between results, literature review, and previous studies 
Issues identified in the results of this thesis similar in many respects with the previous 
studies and literature review. Previous papers on takt production have identified barriers 
and enablers that were similar to the factors affecting to the lead-time of the interior 
phase production identified in this thesis. Especially disruptors and interrupters identi-
fied can be examined from the lean perspective. Most of these identified factors can be 
interpreted as wastes of production which were presented in Table 1 by Liker (2004, pp. 
28-29). From a procurement perspective, the findings were not as obvious. However, the 
literature review of the thesis supports the conclusions regarding procurement in sup-
port of takt production. 
 
Bajjou et al. (2017) argued that over 50 per cent of work in construction industry is equal 
to waste. Bajjou and Chafi (2020) stated that most common wastes in construction in-
dustry are delay in start of activity, rework, skill misuse, long approval process, and un-
finished work. Although this thesis does not take a position in waste ratios of production, 
waiting, transportation, inappropriate processing, inventory (work in progress), motion, 
defects, and skill misuse were identified from Liker’s (2008, pp. 28-29) wastes.  
 
Based on previous studies (e.g., Frandson et al., 2013; Binninger et al., 2018) takt pro-
duction as an enabler to shorten lead-times is evident. Also, shortening lead-time with 
current production models was considered challenging by the interviewees. Ahonen et 
al. (2020) stated that productivity of construction industry has been almost non-existent 
from 2000s, which confirms the argument that it is challenging to shorten lead-times 
and thus improve the productivity with the current production models. 
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Barriers for takt production were identified in this thesis that were also observed in pre-
vious studies and in the literature review. For example, buffer times was highlighted in 
the interviews. Time buffers are addressed in previous studies and Dlouhy et al. (2019) 
have presented different implementation methods for takt production. Need for buffer 
times comes from disruptors of the production which were identified in the results sec-
tion. From these identified factors e.g., drying times and unfinished work were identified 
as barriers for takt production in the previous studies. Drying times were addressed in 
studies of Lehtovaara et al. (2019) and Binninger et al. (2018). As in the interviews, Lehto-
vaara et al. (2019) stated that drying times are not planned in required level. In the in-
terviews, the subcontractors emphasized the importance of fully completed work to en-
sure continuity of work. Keskiniva et al. (2020) argued that it is crucial to complete each 
work phase before the start of the next activity. Also, Lehtovaara et al. (2021) identified 
unfinished work phases in their study case projects.   
 
Literature focusing on procurement in takt production is scarce. Lehtovaara et al. (2019) 
argued that procurement process plays an important role in committing subcontractors 
and suppliers to takt production. During the interview’s subcontractors considered that 
the earning model is not clear in takt production cases. Issues regarding the earning 
model from the perspective of subcontractor was noticed also by Lehtovaara et al. (2019) 
and by Vatne and Drevland (2016). Albeit literature on procurement in takt production 
is scarce, procurement and the procurement process theory presented in the literature 
review of this thesis, responds to many of the issues posed in the results. As Bozarth and 
Handfield (2008, pp. 14) stated that the main purpose of the procurement is to select 
the right supplier. The key role of the supplier selection together with contracting and 
supplier management remains in takt production.  
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7 Discussion 
In this section objectives and practical implications of the thesis are evaluated. Also, the 
limitations of the thesis are considered. Finally, recommendations for the Case Company 
are presented following with proposal for the future research. 
  
7.1 Objectives and practical implications of the thesis 
The objective of this thesis was to study the current state of interior phase production 
in residential construction. The thesis aimed to identify the focal factors that are affect-
ing to the lead-time of interior phase production and to address these findings by means 
of procurement process and takt production to reduce lead-times in the future projects. 
 
In this thesis, focal factors that are affecting to the lead-time of the interior phase pro-
duction was successfully identified. Based on interviews, previous studies, and the liter-
ature review solutions were presented. The findings of this thesis can be utilized in the 
future projects and thus implement takt production successfully with support of the pro-
curement process to shorten lead-time of interior phase production.  
 
7.2 Limitations of the thesis 
This thesis was implemented as a qualitative study. Guidelines of qualitative study were 
followed but there are also limitations concerning this thesis. Sample size of the projects 
and interviews were acceptable. However, the views of each case projects were limited 
to one interviewee. Wider sample size from each project may have affected to the results. 
In addition, the subcontractors were interviewed from overall perspective. Subcontrac-
tors were participating in many of the case projects, but the interviews focused to the 
wider picture. Interviewees were managers, supervisors, and CEOs and thus their view-
points may vary for example from the workers perspective.  
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Interviews were conducted remotely via Microsoft Teams and each interview were rec-
orded. Working remotely change the nature interaction and affects to the conversation 
and this may impact to the results. Interviews were anonymous but the aspect of record-
ing may also influence to the interviewee’s responses. As the study was implemented as 
multiple case study, the generalisation of the responses is more challenging compared 
to a single case study.  
 
Limitations considering the literature of the thesis is targeted to the literature on takt 
production. As the concept of takt production is relatively new, the scientific literature is 
scarce. Current literature is also primarily published by one publisher, IGLC. There are 
only a few peer-reviewed articles published in scientific journals.  
 
7.3 Recommendations for the Case Company 
Development and implementation of takt production should be continued due to prom-
ising results documented from the utilization of takt production. However, the studied 
Project D was not implemented exactly as the theory of takt production models suggests. 
Thus, it is recommended that the next takt production implementation is carried out as 
TPP or TPTC model is planned. Special attention should be paid to takt planning and 
involvement of subcontractors.  
 
During the interviews issues related to the self-inspection process were highlighted. Un-
finished work and quality issues could be tackled by developing effective self-inspection 
process. Current practice is not standardized, or at least it does not realise as planned in 
the projects. Especially for takt production, it is crucial to have work phases completed 
to ensure workflow. If unfinished work, and quality issues can be reduced by developing 
the self-inspection process, also the need for time buffers reduces. One of the options 




For the procurement and procurement process in takt production main focus should be 
paid in the supplier selection. Selected suppliers should be ones who are able and willing 
to commit to takt production and its development. With selected suppliers and subcon-
tractors strive should be on closer collaboration. Closer collaboration also requires com-
mitment to the suppliers and subcontractors to support motivation and continuous im-
provement. In contracting, attention should be paid to clear earning model that is ben-
eficial to all parties to promote motivation and commitment. In addition, procurement 
should be more involved in projects in which takt production is utilized. 
 
7.4 Future research 
In this thesis issues of takt production implementation were identified to which this the-
sis did not directly provided answers. Future research is instead suggested for these sub-
jects:  
 
1. Development of the self-inspection process that supports takt production 
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Haastattelurunko A – nykytilakartoitus työmailla 
 
Teema 1: Sisävaiheen tuotantoon vaikuttavat tekijät 
 
1 Mitkä ovat keskeiset tekijät, jotka vaikuttavat sisävaiheen tuotannon kestoon?  
2 Mistä keskeytykset ja häiriöt aiheutuvat sisävaiheen tuotannossa? 
3 Keskeytyksiin vaikuttaminen/varautuminen?  
4 Miksi mestalle joudutaan palaamaan ja millä toimenpiteillä se saataisiin mini-
moitua? 
5 Millä keinoilla sisävaiheen läpimenoaikaa voidaan lyhentää? 
 
Teema 2: Tuotannonohjaus, aikataulusuunnittelu ja aliurakoitsijoiden sitouttaminen 
 
6 Kuinka tuotannonohjaus ja aikataulusuunnittelu toteutettiin projektilla? 
7 Kuinka aliurakoitsijoiden osallistuivat tuotannon suunnitteluun? 
8 Kuinka aliurakoitsijat sitoutettiin noudattamaan yleisaikataulua? 
9 Miten varmistetaan urakoitsijoiden töiden eteneminen sekä valmistuminen ai-
kataulu- ja laatuvaatimusten mukaisesti?  
10 Miten aikatauluista ja mahdollisista muutoksista kommunikoidaan aliurakoitsi-
joiden kanssa? 
11 Kuinka hankinta ja hankintaprosessi voivat tukea työmaan sisävaiheen tuotan-












Haastattelurunko B – urakoitsijat  
 
Teema 1: Nykyinen tuotanto ja läpimenoaika 
 
1 Kuinka paljon läpimenoaikaa on mahdollista lyhentää ja mitä toimenpiteitä se 
edellyttäisi? 
2 Mitkä ovat keskeiset tekijät, jotka vaikuttavat sisävaiheen tuotannon kestoon? 
3 Mitkä työvaiheet ovat herkimpiä keskeytyksille ja häiriöille? 
4 Miten ilmeneviä tuotannon ongelmia/keskeytyksiä ratkotaan tai tulisi ratkoa ja 
kuinka häiriöihin voidaan varautua ennakoivasti?  
5 Millä toimenpiteillä Tapausyritys mahdollistaa urakoitsijan töiden sujuvan ete-
nemisen? 
 
Teema 2: Tahtituotanto ja hankinta 
 
6 Miten Tapausyrityksen hankintaprosessi ja tahtituotanto voivat tukea sisävai-
heen läpimenoajan lyhenemistä? 
7 Mitä ennakkotietoja tahtikohteesta tarvitaan ja missä vaiheessa prosessia? 
8 Mitä epäkohtia/ongelmia tahtituotanto aiheuttaa urakoitsijalle? 
9 Miten tahtituotanto projektilla vaikuttaa tarjousvaiheeseen urakoitsijan näkö-
kulmasta? 
10 Kuinka tahtituotanto tulisi huomioida sopimuksessa tuotannon sujuvuuden var-
mistamiseksi? 
11 Kuinka laadunvarmistus toteutetaan niin, että työt tehdään kerralla valmiiksi 











Interview A – current state of interior phase production at site 
 
Theme 1: Factors affecting to interior phase production 
 
1 What are the focal factors affecting to lead-time of the interior phase production? 
2 What causes interruption and disruption in interior phase production? 
3 How to prepare and solve interruptions and disruption?  
4 What causes re-entries to workplace and how to minimize re-entries? 
5 By what means lead-time of interior phase production can be shortened? 
 
Theme 2: Production control, scheduling, and subcontractor commitment 
 
6 How production control and scheduling was implemented in the project? 
7 How subcontractors were involved to the production designing process?  
8 How subcontractors were committed to follow the master schedule? 
9 How to ensure continuation of work of subcontractors within required schedule 
and quality? 
10 How communication about schedule and changes in it is executed with subcon-
tractors? 
11 How procurement process and takt production can support shortening lead-













Interview B – subcontractors  
 
Theme 1: Factors affecting to lead-time and its shortening 
 
1 How much lead-time can be reduced and what it requires? 
2 What are the focal factors affecting to lead-time of the interior phase production? 
3 Which work phases are the most sensitive for interruptions and disruption? 
4 How problems are/should be addressed and how to prevent? Subcontractors 
part and Case Company part? 
5 How Case Company can assure continuum of subcontractor’s work? 
 
 
Theme 2: Takt production and procurement 
 
6 How Case Company’s procurement process and takt production can support 
shortening lead-times of interior phase production?  
7 If project is implemented with takt production, what information is required in 
advance? And in what stage of the process? 
8 What grievances or problems takt production causes for subcontractor? 
9 How takt production affects to tendering phase from the subcontractor’s per-
spective? 
10 How takt production should be considered in the contract to ensure fluent pro-
duction? 
11 How quality control should be executed to avoid re-entries to workplace?  
 
 
 
